ENHANCED COMPOSITE SWEATSHIRT FABRIC 
WITH KNIT CONSTRUCTED CHANNELS 



Background of the Invention 

This invention relates to a composite raised surface textile fabric, and 
more particularly, to a composite raised surface textile fabric which maintains 
comfortable temperature conditions along the skin and which acts to move 
liquid moisture away from the skin by evaporation and through a garment 
made with the composite fabric. 

Most polyester textile fabrics are likely to result in the substantial 
entrapment of liquid moisture between the wearer's skin and undergarments, 
or between the undergarments of the wearer and the outerwear. When 
moisture saturation takes place, the excess moisture wets the body of the 
garment wearer, and the wearer begins to feel rather uncomfortable. 

Although it is possible to use a composite textile fabric with a first layer 
made of either a polyester or nylon material and a second layer having a 
substantial portion of a moisture-absorbent material such as cotton, as, by 
way of example, illustrated in U.S. Pat. No. 5,312,667 owned by Maiden Mills 
Industries, such a composite textile fabric can be improved. Because the 
second layer includes a substantial portion of a moisture-absorbent material, 
even though the "micro-climate" between the wearer's skin and the inner 
fabric layer is drier and the likelihood of a back-up of liquid moisture from the 
outer fabric layer to the inner fabric layer is reduced, moisture evaporation 
from the outside layer is less than desired. The moisture absorbent material 
becomes saturated, and since there is little driving force to spread the mois- 
ture outwardly, evaporation is limited and the excess moisture backs up into 
the inner layer, wets the wearer and leads to discomfort. 

U.S. Patent No. 5,547,733 owned by Maiden Mills describes a com- 
posite textile fabric with first and second layers made from polyester fibers 



which have been rendered hydrophillic. This fabric construction exhibits 
improved transport of moisture through the first layer into the second layer 
where it spreads for evaporation; however, this construction is less than 
desirable since it provides warmth during inactivity (which is desirable) and 
during activity (which is undesirable). During inactivity, the fabric completely 
abuts against the skin of the wearer, minimizing the amount of warmth 
provided to the wearer. During activity, air flow between the fabric and the 
wearer's skin is insufficient to provide a reasonable cooling effect. 

Accordingly, it would be desirable to provide an improved textile fabric 
which overcomes the above disadvantages. 

Summary of the Invention 

Generally speaking, in accordance with the invention, a composite 
textile fabric for rapidly moving liquid moisture away from the skin and 
evaporating that moisture from the surface of its outer surface is provided. 
The composite fabric includes an inner fabric layer (the technical back) 
formed with a plurality of vertical and horizontal channels and made of a yarn 
comprising a plurality of fibers of polyester, nylon or other synthetic fabric 
which have been rendered hydrophilic. Moisture is conducted along the 
hydrophilically rendered fibers of the inner layer and evaporated from the 
hydrophilically rendered and/or absorbent fibers of the outer layer. The 
channels of the inventive fleece provide for additional moisture evaporation 
during activity which has a desirable cooling effect. The fabric also includes 
an outer fabric layer (the technical face) made of a yarn of moisture absorbent 
material, a yarn comprising a plurality of fibers of polyester or other synthetic 
material which have also been rendered hydrophilic, or a combination thereof. 
The inner fabric layer and the outer fabric layer are formed concurrently by 
knitting a plaited construction so that the layers are distinct and separate, yet 
integrated with one another. 

In application, the composite textile fabric of the invention is used in a 



variety of garments, including sweatshirts, sweatpants, underwear, bathrobes, 
and various types of exercise clothing. The inner fabric layer is worn against 
the skin or undergarment of the wearer. The channels of the inner layer 
promote warmth during inactivity and heat dissipation during physical activity. 
Moisture from the skin is quickly transported through the inner layer where it 
is carried to the outer fabric layer where it is absorbed or is spread for 
evaporation. 

Of significance is the fact that the fabric construction is plaited. This 
feature makes it possible for capillary action to move liquid moisture from the 
wearer's skin through the inner fabric layer to the outer fabric layer and helps 
to create a substantial moisture concentration gradient between the inner 
fabric layer (which quickly transports water from the skin) and the outer fabric 
layer. 

Accordingly, it is an object of the invention to provide an improved 
composite textile fabric for promoting warmth during physical inactivity and 
heat dissipation during physical activity. 

It is another object of the invention to provide an improved composite 
textile fabric for enhancing the transport of liquid moisture away from the skin. 

It is also an object of the invention to provide an improved composite 
textile fabric having a plurality of fibers for conducting liquid moisture. 

A further object of the invention is to provide an improved composite 
textile fabric which has a plaited construction for promoting the moisture 
concentration gradient between the two layers. 

Still other objects and advantages of the invention will in part be 
obvious, and will in part be apparent from the following description. 

The invention accordingly comprises the several steps and the relation 
of one or more of the steps with respect to each of the others, and the 
material or materials having the features, properties and relation of constitu- 
ents which are exemplified in the following detailed disclosure, and the scope 
of the invention will be indicated in the claims. 



Brief Description of Drawings 

For a fuller understanding of the invention, reference is made to the 
following description, taken in connection with the accompanying drawings, in 
which: 

FIG. 1 is a perspective view depicting the composite textile fabric of the 
invention. 

Detailed Description of the Preferred Embodiment 

The composite textile fabric of the invention includes an inner fabric 
layer 11 formed therealong with a plurality of vertical and horizontal channels 
13 between the fiber pillars 15 as illustrated in figure 1 and made of yarn 
comprising a plurality of synthetic fibers such as polyester or nylon which 
have been rendered hydrophilic. The fabric also includes an outer fabric layer 
17 made from a moisture absorbent material, a plurality of fibers such as 
polyester or other synthetic material which have also been rendered hydro- 
philic, or a combination thereof. Both fabric layers are formed concurrently by 
knitting a plaited construction so that the layers are distinct and separate, yet 
integrated one with the other. 

The plurality of channels formed along the inner fabric layer facilitates 
maintaining a cushion of air along the skin for added warmth during static 
physical conditions and enhanced air flow during physical activity, thereby 
creating a heat dissipating or cooling effect. 

Vertical channels formed along the inner fabric layer are constructed 
with the use of tipped and tipless sinkers, high and low sinkers, or some 
combination of both (e.g., 4 tipped sinkers, 2 tipless, 3 tipped sinkers, 2 
tipless, repeat; 3 high sinkers, 1 low sinker, 2 high sinkers, 2 low sinkers, 
repeat; etc.). Horizontal channels may be created by removing the loop yarn 
from one or more feeds in some arrangement, or with the use of a shrinkable 
loop yarn which would create a channel after processing with wet (e.g., hot 



water, steam) or dry (air) heat (e.g., 4 loop in, 2 loop out, 3 loop in, 2 loop out, 
repeat; 3 low shrinkage loop, 3 high shrinkage loop, 3 low shrinkage loop, 3 
high shrinkage loop, repeat; etc.). Different levels of thermal insulation may 
be created by reducing or increasing the sinker height, by napping/brushing 
the loops, or by leaving them unnapped/unbrushed. As sinker height is 
increased, the fiber pillar height is increased and the insulation factor of the 
fabric is increased, also. 

The inventive construction reduces the high rate of increase in vapor 
pressure that is common in 100% synthetic constructions and, in turn, mini- 
mizes discomfort in early dynamic states until equilibrium is reached, since 
the channels provide an avenue for the evaporation of moisture from the skin 
not available in fabrics that have intimate skin contact throughout. Further- 
more, by maintaining the moisture absorbent fibers away from the skin, the 
after chill effect that commonly occurs in 100% hydrophilic constructions when 
going from a highly active state (dynamic) to a state of rest (static) is reduced 
significantly. 

The inner fabric layer comprises between about 30 and 70 percent by 
weight of the fabric. The outer fabric layer comprises between about 70 and 
30 percent by weight of the fabric. The amount of each fabric layer is select- 
ed based on the desired weight of the composite fabric, the desired end use 
of the composite fabric, and the specific requirements for transferring mois- 
ture from the inner fabric layer to the outer fabric layer. The weight per unit 
area of the composite fabric is between about 3 ounces/yard 2 and 15 
ounces/yard 2 , depending upon the use requirements for thermal protection 
and moisture control. 

The construction of the composite fabric, as set forth above, is such 
that it has a plaited construction - although each fabric layer is distinct and 
separate, each is integrated with the other. As a result, the composite fabric 
functions as a single unit. 

The composite fabric is constructed as a knit, two-end fleece, three- 



end fleece, terry with regular plaiting, double terry, and tricot. 

The outer fabric layer may include a moisture absorbent material, as 
discussed above. The preferred moisture absorbent material is cotton. Other 
suitable moisture absorbent materials include rayon and wool. 

The outer fabric layer may include a plurality of polyester or other 
synthetic fibers which have been rendered hydrophilic. In this construction, 
the denier of the yarn fibers of the inner fabric layer and the outer fabric layer 
are in a ratio of between 1 :20 and 1 0:1 ; while the denier of the yarn (itself) of 
the two layers is in a ratio of between 1:6 and 1:1.5. More specifically, the 
yarn fibers of the inner fabric layer are in a size range of between 0.15 dpf 
and 3.0 dpf, and the yarn fibers of the outer fabric layer are within a size 
range of between about 0.3 dpf and 3.0 dpf. The denier of the yarn (itself) of 
the outer fabric layer is in a range of between about 50 denier and 300 
denier, while the denier of the yarn of the inner fabric layer is in a range of 
between 50 denier and 200 denier. 

Preferably, the surface of the inner fabric layer is sanded, brushed or 
napped in order to raise the fabric surface so that the garment is soft to the 
skin and moisture conduction is enhanced. The surface of the outer fabric is 
not raised. 

In order to render the inner and outer layers hydrophilic, as desired, a 
material such as a low molecular weight polyester may be added to the dye 
bath that is used to dye each of the layers. Reference is made to U.S. Pat. 
No. 5,312,667 which is hereby incorporated by reference for its teaching and 
description of various types of low molecular weight polyesters that are 
suitable for the inventive composite textile fabric. 

By chemically treating the inner fabric layer, it is rendered substantially 
hydrophilic. As a result, the transfer of perspiration from the surface of the 
inner fabric layer to the outer fabric layer is enhanced - liquid moisture is 
made transportable along the surface fiber by capillary action. Moisture that 
has been conducted to the outer fabric layer, if fibers in the outer layer have 
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also been rendered hydrophilic, spreads along the surface of the layer, is 
rapidly evaporated (it is not absorbed), and therefore, the outer fabric layer 
will rapidly dry. 

The outer fabric layer may be a combination of a moisture absorbent 
material such as cotton, rayon or wool and a polyester and a synthetic yarn 
that has been rendered hydrophilic. For example, the cotton blended with the 
polyester can accommodate the extra moisture generated by the wearer, for 
example, during physical exertion, and the moisture level in the "micro- 
climate" between the wearer's skin and the inner fabric layer can be kept at a 
dry and comfortable level, further increasing the comfort level of the wearer. 

A significant aspect of the inventive composite fabric is that there is 
nothing interposed between the two fabric layers. These layers are formed 
concurrently by knitting a plaited construction so that the layers are distinct 
and separate yet integrated one to the other. Together, the layers act to 
move moisture away from the skin and through a garment made with the 
composite fabric by capillary action, enhanced by the creation of a moisture 
concentration gradient. Evaporation into the exposed air from the surface of 
the outer layer sets up the gradient and in part serves as the driving force to 
move or transport the moisture through the fabric. 

It will thus been seen that the objects set forth above, and those made 
apparent from the preceding description, are efficiently attained, and since 
certain changes may be made in the products set forth above without depart- 
ing from the spirit and scope of the invention, it is intended that all matter 
contained in the above description shall be interpreted as illustrative and not 
in a limiting sense. 

It is also to be understood that the following claims are intended to 
cover all of the generic and specific features of the invention herein de- 
scribed, and all statements of the scope of the invention which, as a matter of 
language, might be said to fall therebetween. 



